Glycoproteins are linear polymers of amino acids (i.e., proteins) with branching chains of carbohydrates that include hexoses (mannose, galactose, and glucose), pentoses (arabinose and xylose), a methylpentose (fucose), amino sugars (N-acetylglucosamine and N-acetylgalactosamine) and a sialic acid (N. acetylneuraminic acid). These carbohydrates may be placed in three broad categories-amino sugars, neutral sugars, and acidic sugars-with mineral acid concentrations required to release them from glycoproteins and resistance to acid-induced decomposition decreasing in the order listed (1). This paper will be concerned only with the neutral carbohydrates.
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We describe a sensitive, reproducible procedure of analysis for the six neutral carbohydrates in glycoproteins, by high-resolution anion-exchange chromatography. As many as 16 neutral carbohydrates can be separated by elution with a concentration gradient of boric acid (pH 7, 67 to 672 mmol/I'iter). The carbohydrates are detected with a cerate oxidimetric detector system, which monitors the fluorescence of Ce3+ produced by the reaction of the eluted constituents with Ce4. Sensitivity to 1 nmol of fucose is demonstrated. Analytical methods and results are presented for mannose, fucose, and galactose in serum glycoproteins of both normal women and those with metastatic breast cancer. We briefly discuss the possibility of separating and analyzing for the three neutral carbohydrates in serum glycoproteins in 4 h by isocratic (constant eluent concentration) elution from a chromatographic column. Glycoproteins are linear polymers of amino acids (i.e., proteins) with branching chains of carbohydrates that include hexoses (mannose, galactose, and glucose), pentoses (arabinose and xylose), a methylpentose (fucose), amino sugars (N-acetylglucosamine and N-acetylgalactosamine) and a sialic acid (N. acetylneuraminic acid) . These carbohydrates may be placed in three broad categories-amino sugars, neutral sugars, and acidic sugars-with mineral acid concentrations required to release them from glycoproteins and resistance to acid-induced decomposition decreasing in the order listed (1). This paper will be concerned only with the neutral carbohydrates. acid procedure (30) is commonly used for the neutral hexoses. Each of these has distinct disadvantages. The colorimetric procedure is subject to interferences from the hexoses present (24, 31) and from artifactual chromogens developed from protein degradation products (32); the orcinol/sulfunc acid procedure determines only total hexoses and, depending on the wavelength used, can give erroneous results if the composition of the standard differs markedly from that of the unknown (33).
The work reported here details the development of a reproducible, sensitive method of analysis for neutral carbohydrates, including those found in glycoproteins. This method is based on the use of anionexchange chromatography, a concentration gradient of pH 7 boric acid, and the cerate oxidimetric detector (34).
Methods and Materials
Chromatographic System Figure 1 is a schematic of the chromatographic system for the analysis of neutral carbohydrates. A jacketed stainless-steel column (0.22 cm i.d. X 150 cm long), dynamically packed (35) with anion-exchange resin (Aminex A-27, 12-15 tim; Bio-Rad Laboratories, Richmond, Calif. 94804) was topped with a replaceable precolumn (about 3 cm long) of anion-exchange resin and a high-pressure sample-injection valve (Disc Instruments, Costa Mesa, Calif. 92626 The top consists of a circular, flat piece of Teflon (13.5 mm thick) held in place by a stainless-steel plate (3.2 mm thick, with a 10-cm hole in the center) attached to a regular pipe flange by eight bolts (9.5 mm). Glass pipe of this diameter and thickness has an allowable pressure rating of about 690 kN/m2 (6.8 atm); however, the maximum pressure that this vessel would be exposed to is 101 kN/m2 (maximum laboratory compressed-air pressure). The vessel is pressurized to between 20 000 and 55 000 Pa (15 to 41 cm Hg); the pressure required for the desired reagent flow rate depends on the backpressure of the system. The Ce4 reagent flows through an all-glass rotameter to a small mixing tee, which is constructed so that small-bore Teflon tubing can be inserted deep into each leg, leaving a tiny mixing chamber (<150 il) at the center. A glass-clad nickel wire (2 mm long) contained within this chamber and rotated by a magnetic stirrer serves to ensure adequate mixing of the two streams, which then flow into a reaction coil (700 cm long X 1.02 mm i.d. Teflon tubing).
The reaction section is placed inside a glass bottle containing boiling water and equipped with an air condenser of coiled copper tubing. Figure 3 ).
Analytical Method
The neutral carbohydrates of glycoproteins are analyzed chromatographically after the serum sample has been treated as follows: (a) Precipitate the protein in 0.5 ml of serum by adding 5.5 ml of ethanol (95%), followed by centrifugation (15 mm, 5000 rpm); the supernate is discarded.
(b) Wash the precipitate by suspension in 6 ml of ethanol, again centrifuge, and discard the supernate.
(c) Dissolve the protein by gentle agitation in 1 ml of 0,1 mol/liter NaOH, and dilute the resulting solution to 3.0 ml with doubly distilled deionized water and mix by swirling. (e) Place the sample in a boiling water bath for 4.0 h, then remove and cool to room temperature. Neutralize by adding small increments of anion-exchange resin (Dowex-1, HC03 form) until the pH is about 6.0, then add 3.0 ml of water and mix the sample by swirling. Remove an aliquot and appropriately dilute; then add a known amount of ribose to verify detector response.
Perform all of the sample manipulations, except the final dilution, in the same septum-capped bottle (15-mi volume) to minimize sample losses. aTwo subjects were without medication, one was taking thyroid, and one was on steroid birth-control medication.
Evaluation of Experimental Variables
bSubjects ranged in age from 26 to 63 years (average, 50 years); six subjects were without medication, no medication data were available for three subjects, one subject was taking thyroid, and two were on steroid birth-control medication.
1318 CLINICALCHEMISTRY, Vol. 21, No. 9, 1975 Table 2 ). The seven patients Table 2 . Comparison of the mean analyses in Table 3 with the means for the normal subjects in Table 2 indicates that the increase in protein-bound fucose for the patients with metastatic malignancies is some- Note that five of the seven cancer patients for whom all three carbohydrate analyses were within the range of normal values (Table  3 ) also are contained within our rectangle of normal values (see Figure 6) . Thus protein analyses for these subjects were also normal; one subject (No. 431 in Table 3 ) had a low value for protein (520 mg/liter), resulting in ratios that were out of the normal ranges. Three additional patients who displayed borderline increases in protein-bound carbohydrates were brought into the range of normal values in Figure 6 by elevated serum protein (Nos. 1294 (Nos. , 1295 (Nos. , and 1123 in Table 3 ) ranging from 0.95 to 1.06 g/liter.
As evidenced by the controversy regarding the analysis of protein-bound fucose in serum (24, 31, 32, 46, 50, 51) Carbohydr. Res. 21,9 (1972) .
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